###### Strengths and limitations of this study

-   This study extensively evaluated various factors related to continued smoking after diabetes diagnosis using a large national cohort database that provided health examination data, medical information and demographic information of nearly 510 000 Koreans aged between 40 and 79 years.

-   This retrospective cohort study investigated the factors related to changes in smoking habit before and after diabetes diagnosis via a longitudinal study design rather than a cross-sectional study design.

-   Change in smoking habit after diabetes diagnosis was assessed by comparing the answers with a self-reported questionnaire before and after the diagnosis without biochemical verification, which may have resulted in an overestimation of the rate of smoking cessation in this study.

Introduction {#s1}
============

Smoking cessation in the general population has been shown to have immediate and long-term health benefits.[@R1] Smoking alone is considered as a modifiable risk factor for cardiovascular diseases (CVDs) and certain types of cancers associated with premature death worldwide.[@R2] Moreover, smoking may increase the risk of developing type 2 diabetes in the general population[@R8] and increase the risk of mortality, cardiovascular events[@R11] and microvascular complications[@R13] in patients with diabetes. Thus, many clinical guidelines for managing diabetes, such as the American Diabetes Association guidelines and the National Institute for Health and Care Excellence guidelines, have strongly recommended smoking cessation in patients with diabetes to improve health outcomes.[@R16] However, although patients newly diagnosed with chronic diseases are usually motivated, at least initially, to seek healthier lifestyles, such as quit smoking and decrease alcohol consumption, the smoking rate among patients diagnosed with diabetes has remained unchanged.[@R18]

There have been tremendous efforts to decrease the smoking rate worldwide, including public education about health risks of smoking and implementation of national health policies. While such efforts have been successful in many countries,[@R20] they have not been successful in many Asian countries, including South Korea. Currently, the smoking rate is slightly over 30% among adult Korean men, which is one of the highest rates in the world.[@R23] Despite the increased death rate attributed to CVDs, there has not been a substantial decrease in the prevalence of smoking.[@R23] Factors related to the success or failure of smoking cessation have been investigated in many previous studies; however, most of these studies were from Western countries.[@R26] Characteristics of smokers and patterns of smoking may vary drastically from country to country due to different socioeconomic statuses, cultural atmospheres and smoking policies.[@R26] For example, it has previously been reported that age is a predictor of smoking cessation that varies greatly across different geographic locations; younger smokers were more likely to quit smoking in Western countries, whereas older smokers were more likely to quit in Asian countries.[@R29] Therefore, it would be important to identify unique characteristics that dictate smoking behaviour in each country to develop more culture-specific and region-specific intervention strategies.

The prevalence of diabetes in Korea is higher than the average prevalence of diabetes among the Organisation for Economic Cooperation and Development countries, according to a recent report by the Korean Diabetes Association.[@R32] However, there has not been any study focusing on identifying the factors associated with continued smoking in patients with type 2 diabetes in Asian countries. Here, we aim to identify the factors associated with continued smoking among patients newly diagnosed with type 2 diabetes using a national cohort database. We expect the factors identified in this study to contribute to the development of future intervention strategies and policies that better promote smoking cessation in patients with type 2 diabetes.

Methods {#s2}
=======

Study population {#s2a}
----------------

This study was conducted using the Korean National Health Insurance Service-National Health Screening Cohort (2002--2013) (NHIS-HealS), which was generated from the national health screening database of the Korean National Health Insurance Service (NHIS). Since 1989, NHIS has been providing mandatory health insurance to nearly 97% of the entire Korean population.[@R33] Beneficiaries older than 40 years of age are required to participate in the national health screening programme (NHSP) biennially.[@R34] Those who are eligible to participate in NHSP can receive health screening anytime between February and December in the year. In addition, on completion of the health screening, beneficiaries are required to submit a completed questionnaire on the day of the check-up. NHIS-HealS database contains randomly selected 10% of the beneficiaries who participated in NHSP between 2002 and 2003, providing all sociodemographic and clinical follow-up data from health screenings that took place until 2013. Clinical data included clinical facilities visits, claimed diagnosis records based on International Classification of Disease (ICD) codes and other medical data. Sociodemographic data included age, sex, income status, residence information and disability status.

Newly diagnosed patients were defined using the ICD-10 codes for type 2 diabetes (E11, E12 and E14). To be considered new patients with diabetes, they must not have any records of these codes prior to 2004; any visits to hospitals for diabetes-related codes must be after 1 January 2004. Among them, only patients with at least one additional claimed record of diabetes-related codes within a year were included to enhance the accuracy of 'new diabetes diagnosis' in the study population.

A total of 35 245 men in the NHIS-HealS database were identified as patients newly diagnosed with type 2 diabetes between 1 January 2004 and 31 December 2011 ([figure 1](#F1){ref-type="fig"}). Patients who died within 2 years from diagnosis (n=1725) and those who did not participate in the NHSP at least once each before and after the diagnosis (n=7210) were excluded. Moreover, participants who were non-smokers at the time of health examination before diabetes diagnosis (n=17 573) were also excluded. Thus, a final number of 8737 smokers who smoked before the onset of diabetes and met these criteria were included for final analysis ([figure 1](#F1){ref-type="fig"}).

![Study population. Smoking status data came from the Korean National Health Insurance Service's National health screening data of smoking questionnaires.](bmjopen-2017-020160f01){#F1}

The requirement of informed consents was waived due to the anonymity of the data obtained from NHIS. All experiments were conducted in accordance with the relevant guidelines and regulations.

Patient and public involvement {#s2b}
------------------------------

Patients and/or public were not involved in the design of the study.

Variables and outcome {#s2c}
---------------------

Study variables were categorised into four domains: the sociodemographic domain (age, income status and disability), health status domain (body mass index (BMI), diabetes duration, total cholesterol level and blood pressure level), health behaviour domain (smoking amount per day, alcohol consumption and physical activity) and history of disease domain (Charlson Comorbidity Index (CCI), heart disease, stroke, hypertension and cancer) ([figure 2](#F2){ref-type="fig"}). Each variable, except diabetes duration, was obtained from the health screening data taken before the diagnosis. Diabetes duration was calculated by measuring the number of days from the date of diabetes diagnosis to the date of the health examination after diabetes diagnosis. Income status was originally provided as deciles of income level, based on the NHIS's insurance premium, and divided into two groups (low and high). Disability was based on the classification code for the specific disability type according to the NHIS's database. Smoking amount (cigarettes per day) was categorised into three groups: light (1--9 cigarettes/day), moderate (10--19 cigarettes/day) and heavy (≥20 cigarettes/day).[@R35] History of diseases, including heart disease, stroke, hypertension and cancer, was based on a self-reported answer from the health screening questionnaire taken before the diagnosis.

![Categorisation of variables associated with smoking or type 2 diabetes.](bmjopen-2017-020160f02){#F2}

Change in smoking behaviour was assessed using the self-reported questionnaire of the NHIS health check-up. By comparing the answers from the smoking habit questionnaire, taken before and after the diagnosis of diabetes, patients were divided into two groups: the quitters and the continuers. The quitters included patients who identified themselves as a current smoker before the diagnosis of diabetes, but as an ex-smoker after the diagnosis. The continuers included patients who identified themselves as a current smoker before and after the diagnosis.

Statistical analysis {#s2d}
--------------------

Logistic regression analyses were performed to obtain the ORs with 95% CIs of continued smoking. First, univariate analyses were performed for each variable. Then, multivariate analysis was conducted to find factors related to continued smoking using variables with statistical significance in univariate analyses. All data mining and statistical analyses of this study were conducted using SAS 9.4 (SAS Institute, Cary, North Carolina, USA) and STATA 13.0 (StataCorp LP, College Station, Texas, USA).

Results {#s3}
=======

The baseline characteristics of study participants after the diagnosis are described in [table 1](#T1){ref-type="table"}. The prevalence of smoking cessation after the diagnosis was 31.2% (n=2727). The mean age of patients with a new diagnosis of diabetes was 52.6 years.

###### 

Baseline characteristics of the study population

  N (%)\*                      All smokers    Continuers     Quitters
  ---------------------------- -------------- -------------- --------------
  Sociodemographics                                          
   Age (years)                                               
    Mean (SD)                  52.6 (8.3)     52.0 (8.0)     53.9 (8.5)
   Income status                                             
    Low to middle              3927 (45.0%)   2802 (46.6%)   1125 (41.3%)
    Middle to high             4810 (55.0%)   3208 (53.4%)   1602 (58.7%)
   Disability                                                
    Yes                        75 (0.9%)      44 (0.7%)      31 (1.1%)
    No                         8662 (99.1%)   5966 (99.3%)   2696 (98.9%)
  Health status                                              
   Diabetes duration (years)                                 
    \<1                        4076 (46.6%)   2910 (48.4%)   1166 (42.8%)
    1--2                       3553 (40.7%)   2421 (40.3%)   1132 (41.5%)
    ≥3                         1108 (12.7%)   679 (11.3%)    429 (5.7%)
   BMI (kg/m^2^)                                             
    \<18.5                     149 (1.7%)     99 (1.7%)      50 (1.8%)
    18.5--22.9                 2378 (27.2%)   1644 (27.4%)   734 (26.9%)
    23--24.9                   2467 (28.2%)   1673 (27.8%)   794 (29.1%)
    ≥25                        3741 (42.8%)   2592 (43.1%)   1149 (42.1%)
   Cholesterol level (mg/dL)                                 
    \<200                      4355 (49.9%)   3001 (49.9%)   1354 (49.7%)
    200--239.9                 2922 (33.4%)   2004 (33.3%)   918 (33.7%)
    ≥240                       1449 (16.6%)   999 (16.6%)    450 (16.5%)
    NA                         11 (0.1%)      6 (0.1%)       5 (0.2%)
   Blood pressure (mm Hg)                                    
    \<120/80                   1632 (18.7%)   1138 (18.9%)   494 (18.1%)
    120/80--139/89             5377 (61.5%)   3676 (61.2%)   1701 (62.4%)
    ≥140/90                    1727 (19.8%)   1196 (19.9%)   531 (19.5%)
  Health behaviour                                           
   Alcohol drinking                                          
    Non-drinker                2265 (25.9%)   1526 (25.4%)   739 (27.1%)
    Drinker                    6454 (73.8%)   4470 (74.4%)   1984 (72.7%)
    NA                         18 (0.2%)      14 (0.2%)      4 (0.2%)
   Physical activity                                         
    None                       3650 (41.8%)   2505 (41.7%)   1145 (42.0%)
    1--2/week                  2450 (28.0%)   1676 (27.9%)   774 (28.4%)
    3 or more/week             2614 (29.9%)   1817 (30.2%)   797 (29.2%)
    NA                         23 (0.3%)      12 (0.2%)      11 (0.4%)
   History of disease                                        
    CCI (%)                                                  
    0                          4558 (52.2%)   3214 (53.5%)   1344 (49.3%)
    ≥1                         4179 (47.8%)   2796 (46.5%)   1383 (50.7%)
   Heart disease                                             
    Yes                        168 (1.9%)     114 (1.9%)     54 (2.0%)
    No                         8569 (98.1%)   5896 (98.1%)   2673 (98.0%)
   Stroke                                                    
    Yes                        59 (0.7%)      37 (0.6%)      22 (0.8%)
    No                         8678 (99.3%)   5973 (99.4%)   2705 (99.2%)
   Hypertension                                              
    Yes                        1820 (20.8%)   1296 (21.6%)   524 (19.2%)
    No                         6917 (79.2%)   4714 (78.4%)   2203 (80.8%)
   Cancer                                                    
    Yes                        122 (1.4%)     83 (1.4%)      39 (1.4%)
    No                         8615 (98.6%)   5927 (98.6%)   2688 (98.6%)

\*Column percentage.

†Row percentage.

BMI, body mass index; CCI, Charlson Comorbidity Index.

The results of univariate and multivariate analyses for each variable are presented in [table 2](#T2){ref-type="table"}. In univariate analysis, age (OR 0.66, 95% CI 0.59 to 0.74), diabetes duration (1--2 years OR 0.86, 95% CI 0.78 to 0.95, ≥3 years OR 0.63, 95% CI 0.55 to 0.73), income status (OR 1.24, 95% CI 1.13 to 1.36), smoking amounts (moderate OR 1.61, 95% CI 1.43 to 1.81, heavy OR 2.07, 95% CI 1.82 to 2.35), CCI (OR 0.85, 95% CI 0.77 to 0.93) and hypertension (OR 1.16, 95% CI 1.03 to 1.29) were statistically different between the quitters and continuers. In the multivariate-adjusted analyses, older patients were more likely to quit after the diagnosis than younger patients (adjusted OR, aOR 0.71, 95% CI 0.63 to 0.79). Diabetes duration was negatively associated with continued smoking (1--2 years OR 0.88, 95% CI 0.80 to 0.98, ≥3 years OR 0.63, 95% CI 0.55 to 0.73). Moreover, smokers with a higher CCI score were more likely to quit after the diagnosis than those with a low CCI score (aOR 0.87, 95% CI 0.79 to 0.96). In contrast, patients with lower income status (aOR 1.29, 95% CI 1.18 to 1.42), greater smoking amount (moderate aOR 1.53, 95% CI 1.35 to 1.72; heavy aOR 1.90, 95% CI 1.67 to 2.17) and comorbid hypertension (aOR 1.25, 95% CI 1.11 to 1.41) were more likely to continue smoking after the diagnosis than their counterparts.

###### 

The results of univariate and multivariate-adjusted analyses for associated factors with continued smoking after type 2 diabetes diagnosis

                               Continued smoking                          
  ---------------------------- ------------------- ---------------------- ----------------------
  Sociodemographics                                                       
   Age (years)                                                            
    40--64                     4869 (81.0%)        1.00                   1.00
    65--80                     1141 (19.0%)        0.66\*(0.59 to 0.74)   0.71\*(0.64 to 0.80)
   Income status                                                          
    High                       3208 (53.4%)        1.00                   1.00
    Low                        2802 (46.6%)        1.24\*(1.13 to 1.36)   1.30\*(1.19 to 1.43)
   Disability                                                             
    No                         5966 (99.3%)        1.00                   
    Yes                        44 (0.7%)           0.64 (0.40 to 1.02)    
  Health status                                                           
   Diabetes duration (years)                                              
    \<1                        2910 (48.4%)        1.00                   1.00
    1--2                       2421 (40.3%)        0.86\*(0.78 to 0.95)   0.88\*(0.80 to 0.98)
    ≥3                         679 (11.3%)         0.63\*(0.55 to 0.73)   0.63\*(0.55 to 0.73)
   BMI (kg/m^2^)                                                          
    \<25                       3416 (56.9%)        1.00                   
    ≥25                        2592 (43.1%)        1.04 (0.95 to 1.14)    
   Cholesterol level (mg/dL)                                              
    \<200                      3001 (50.0%)        1.00                   
    ≥200                       3003 (50.0%)        0.99 (0.90 to 1.08)    
   Blood pressure (mm Hg)                                                 
    \<140/90                   4814 (80.1%)        1.00                   
    ≥140/90                    1196 (19.9%)        1.03 (0.92 to 1.15)    
  Health behaviour                                                        
   Smoking (cigarettes/day)                                               
    Light (1--9)               953 (15.9%)         1.00                   1.00
    Moderate (10--19)          2901 (48.3%)        1.61\*(1.43 to 1.81)   1.52\*(1.35 to 1.72)
    Heavy (≥20)                2156 (35.9%)        2.07\*(1.82 to 2.35)   1.89\*(1.66 to 2.16)
   Alcohol drinking                                                       
    Non-drinker                1526 (25.4%)        1.00                   
    Drinker                    4470 (74.6%)        1.09 (0.98 to 1.21)    
   Physical activity                                                      
    Yes                        3493 (58.2%)        1.00                   
    No                         2505 (41.8%)        0.98 (0.90 to 1.08)    
  History of disease                                                      
   CCI (%)                                                                
    0                          3214 (53.5%)        1.00                   1.00
    ≥1                         2796 (46.5%)        0.85\*(0.77 to 0.93)   0.88\*(0.80 to 0.96)
   Heart disease                                                          
    No                         5896 (98.1%)        1.00                   
    Yes                        114 (1.9%)          0.96 (0.69 to 1.33)    
   Stroke                                                                 
    No                         5973 (99.4%)        1.00                   
    Yes                        37 (0.6%)           0.76 (0.45 to 1.29)    
   Hypertension                                                           
    No                         4714 (78.4%)        1.00                   1.00
    Yes                        1296 (21.6%)        1.16\*(1.03 to 1.29)   1.24\*(1.10 to 1.40)
   Cancer                                                                 
    No                         5927 (98.6%)        1.00                   
    Yes                        83 (1.4%)           0.97 (0.66 to 1.42)    

\*P\<0.05.

aOR, adjusted OR; BMI, body mass index; CCI, Charlson Comorbidity Index.

Discussion {#s4}
==========

This study investigated the prevalence of smoking cessation and factors for continued smoking in patients newly diagnosed with type 2 diabetes using a large national sample cohort. Despite the high prevalence of diabetes and smoking in Asian countries, to the best of our knowledge, there have not been any studies identifying factors associated with changes in smoking habit among patients with diabetes. It is known that patterns of smoking and smoking cessation vary depending on the specific population, such as diabetic population and cancer survivor population, as well as in different countries due to different national smoking cessation policies and/or social and cultural atmospheres regarding smoking. As such, it is important to identify factors related to continued smoking that are specific to a particular population to develop more effective intervention strategies and policies that encourage smoking cessation.

This nationwide retrospective study investigated four domains of factors: health status (diabetes duration, BMI, total cholesterol level and blood pressure), health behaviour (smoking status, alcohol consumption and physical activity), sociodemographic domain (age, income status and disability) and history of disease (CCI, heart disease, stroke, hypertension and cancer). Except the health status domain, previous studies regarded the other three domains to be related to smoking habit change in the general population. Factors that were found to be statistically associated with continued smoking in our univariate analyses were younger age, low-income status, higher smoking amount per day, no comorbidities and comorbid hypertension, which were still statistically significant factors related to continued smoking after the diagnosis of diabetes in our multivariate analyses.

In many previous studies, age has been identified as one of the factors related to smoking cessation, although the direction of association was inconsistent.[@R29] Interestingly, studies conducted in Western countries found a negative or no association between age and smoking cession.[@R29] Contrastingly, studies conducted in Asia reported a positive association between these two factors.[@R31] Our findings are consistent with previous Asian reports. A cross-sectional study conducted in Korea reported that elderly smokers showed greater intention to quit smoking than younger smokers in the general population.[@R39] This discrepancy regarding age between Korea and Western countries may be explained by cultural and social differences between the two populations; it is a common practice in Korea for elderly patients to live with younger generations, given the roots of Confucianism and its teachings of filial piety. Given such living arrangements, it is likely that once diagnosed with a chronic illness, elderly patients are strictly monitored and forced to lead a healthier lifestyle from their children, resulting in negative association between age and continued smoking.

Consistent with previous studies, we also found a negative association between diabetes duration and continued smoking among new patients with diabetes.[@R40] Longer disease duration alone may motivate patients to quit smoking. Moreover, with increased duration of diabetes, patients would likely have been exposed to repeated encouragement to quit smoking from their physicians and loved ones, resulting in higher prevalence of smoking cessation among those with longer diabetes duration.

An interesting finding in this study is that newly diagnosed patients with diabetes in the low-income group were more likely to continue smoking. In previous studies, association of continued smoking with socioeconomic status in the general population has been inconsistent, showing high variance between countries.[@R26] Such inconsistencies are expected, since the impact of income level on smoking behaviour may depend on the level of economic development in each country. Negative association between income level and continued smoking in Korea may have an interesting implication for the development of antismoking policy. Combined with a national policy to increase cigarettes prices and taxes, it would be an effective strategy to provide subsidies for pharmacological smoking cessation treatments for patients with diabetes with low income.

A positive association between continued smoking and smoking amount per day in this study is consistent with previous studies.[@R31] Higher smoking amount per day indicates heavier nicotine dependence, resulting in increased likelihood of continued smoking. In addition, the finding that patients with comorbidities were more likely to quit smoking after the diagnosis of diabetes is consistent with a previous cross-sectional study in Korea.[@R39] It can be easily speculated that patients with predisposing comorbidities may pursue healthier lifestyle when diagnosed with an additional chronic disease, like diabetes. This may be the case because it is common knowledge that smoking induces adverse health effects and because these patients received intense, repeated education about the benefits of smoking cessation.

An unexpected finding regarding the association between the change in smoking habit and comorbidities in this study was that patients with predisposing hypertension, who were newly diagnosed with diabetes, showed a higher tendency to continue smoking. This finding was not observed in previous studies. Comorbidities of hypertension and diabetes increase the risk of CVDs, compared with just having either one of these diseases; hence, adverse effects of smoking in patients with both chronic diseases will result in compounded consequences.[@R42] Therefore, a further study is necessary to confirm whether this finding can be reproduced in the general population or in other specific populations in Korea.

A strength of this study is that, to the best of our knowledge, this is the first study to identify the factors associated with continued smoking in patients newly diagnosed with diabetes in an Asian country. Another strength is that this research was conducted using a large national cohort sample with the administrative database. Despite its strengths, however, there are several limitations to this study. First, since the national cohort used in this study was randomly sampled among those who voluntarily attended the biannual NHSP, with at least two visitations during the follow-up period, there may be selection bias. In other words, those included in this study may likely be more attentive to their health, which in turn suggests that they may more likely be motivated to quit smoking when diagnosed with diabetes, compared with the general population. The rate of smoking cessation after the diagnosis in this study was 31.3%, which could be an overestimation due to this selection bias, suggesting that a higher portion of patients in reality may continue to smoke after the diagnosis of diabetes. Second, the change in smoking behaviour was assessed using only the information within the database; hence, subsequent changes in smoking status, such as resuming smoking, as well as the status in between exams were not evaluated. To improve long-term health outcomes, continued smoking cessation is critical; however, only a small portion of those who quit smoking succeed in maintaining a complete smoke-free lifestyle.[@R29] It is important to recognise that there are differences between factors that influence attempts to quit smoking and factors that influence---and allow for successful---continued smoking cessation; hence, it is critical to identify both varieties of factors for the purpose of developing effective policies conducive to cessation and continued cessation.[@R29] Therefore, future research is needed in this area. Third, the change in smoking habit shown in this study was assessed using only the patient-answered questionnaire without biochemical verification of smoking status, such as urine cotinine and breath carbon monoxide monitoring. This may have resulted in an overestimation of the rate of smoking cessation in this study. Fourth, due to the nature of the administrative database used in this study, detailed information about the sociodemographic factors, such as marital status and family's smoking habit, was limited. It has been reported that living with a smoker was one of the risk factors associated with persistent smoking in the general population.[@R44] Hence, a future study is necessary to further investigate the role of sociodemographic factors in smoking habit. Another limitation is that this study included only male patients, since the prevalence of smoking in the Korean female population presented in the cohort database was low (2.5%). A systematic review reported that the risk of coronary heart disease is significantly higher in female smokers with diabetes than in male smokers with diabetes[@R46]; therefore, a future research about the factors associated with smoking habit in diabetic women should also be conducted.

In conclusion, the factors associated with continued smoking in patients newly diagnosed with type 2 diabetes were identified in this study. Our findings can contribute to future intervention strategies and policies by improving the recognition of patients vulnerable to continued smoking. The important clinical implication of this study is that physicians should strongly advise smoking cessation to patients who possess the characteristics reported in this study and consider customised strategies for each vulnerable group to encourage smoking cessation. For example, to younger patients with diabetes, physicians should emphasise the long-term health risks of smoking, such as cardiovascular and chronic respiratory diseases. Moreover, physicians should consider more extensive interventions, such as having frequent clinical sessions for intensive behavioural counselling as well as early pharmacological intervention.
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